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Introduction 

A  workshop  was  held  at  Ames  Research  Center  August  2*3, 1988  to  discuss  the  results  of  the 
Methodology  Assessment  Phase  2  Continuation.  This  workshop  was  a  follow-on  to  the  original 
Methodology  Assessment  reported  in  Ref.  1.  The  present  volume  contains  the  predictions  that  were 
obtained  under  the  continuation  efforts. 

The  original  Integrated  Technology  Rotor  (ITR)  Methodology  Assessment  was  a  Government- 
funded  study  to  assess  the  capability  of  industry  analyses  to  predict  the  aeroelastic  and  aeromechan- 
ical  stability  of  rotorcraft.  Six  different  sets  of  experimental  data  were  used  as  a  baseline  ranging 
from  a  hingeless  rotor  model  in  hover  to  data  on  a  full-scale  bearingless  rotor  in  forward  flight 
as  shown  in  Table  1.  For  each  data  set,  A  through  F,  several  cases  or  configuration  variations 
were  identified  to  enable  comparisons  for  a  range  of  rotor  aeroelastic  effects.  Analyses  from  Bell 
Helicopter  Textron,  Boeing  Helicopters,  McDonnell  Douglas  Helicopter  Company,  and  Sikorsky 
Aircraft  were  compared  with  the  data.  The  first  workshop  to  discuss  these  results  was  held  in  June 
1983  at  Ames  Research  Center  and  was  reported  in  Ref.  1. 

Following  the  original  assessment,  two  data  sets  were  selected  for  a  significantly  more  detailed 
comparison  in  an  effort  referred  to  as  the  Phase  1  Continuation.  The  first  set  selected  (Data  Set  A, 
Case  6)  was  for  the  torsionally-soft  hingeless  rotor  model  in  hover  with  a  soft  pitch  flexure  and 
negative  droop.  This  particular  case  had  shown  the  greatest  discrepancies  in  the  Methodology 
Assessment  results.  The  second  case  (Data  Set  C,  Case  3)  was  from  an  aeromechanical  rotor-body 
stability  model  test  where  there  was  extensive  data  available  on  modes  other  than  the  lead-lag 
regressing  mode.  Whereas  in  the  original  Methodology  Assessment  the  basis  of  comparison  was 
the  damping  of  the  least  stable  mode,  in  the  Phase  1  Continuation  the  damping  and  frequency  of 
ail  the  rotor  modes  in  the  frequency  range  of  the  least  stable  mode  were  examined. 

A  Phase  2  Continuation  effort  followed  the  Phase  1  work.  Additional  computations  were  made 
with  the  torsionally-soft  hingeless  rotor  model  of  Data  Set  A.  The  acquisition  of  frequency  data  in 
a  vacuum  test  of  this  model  rotor  (Ref.  2)  prompted  inclusion  of  new  calculations  to  compare  with 
these  data  as  well,  a  simplified  hypothetical  version  of  the  torsionally-soft  rotor  model  was  also 
specified  that  retained  the  aeroelastic  coupling  effects  that  had  caused  difficulties  in  the  torsionally- 
soft  rotor  comparisons  but  eliminated  the  unimportant  blade  root  hardware  that  complicated  the 
assessments.  Finally,  two  new  matched-stiffness  configurations  were  added  for  the  aeromechanical 
stability  test  (Data  Set  C)  that  had  not  been  examined  previously. 
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Table  L  -  Experimental  Data  Sets 


DATA 

SET 

ROTOR 

TYPE 

FUSELAGE 

COUPLING 

FLIGHT 

CONDITION 

SCALE 

SOURCE 

A 

Hingeless 

Isolated 

Hover 

Model 

Aeroflightdynamics 

B 

Hingeless 

Rotor-Body 

Hover 

Model 

Aerofiightdynamics 

C 

Hingeless 

Rotor-Body 

Hover 

Model 

Aeroflightdynamics 

D 

Bearingless 

Isolated 

Hover 

Model 

Aeroflightdynamics 

E 

Bearingless 

Rotor-Body 

Hover/Fwd  Fit 

Model 

Boeing  Helicopters 

F 

Bearingless 

Rotor-Body 

Hover/Fwd  Fit 

Full 

Boeing  Helicopters 

The  purpose  of  this  report  was  to  collect  and  publish  the  results  of  the  Phase  1  and  Phase 
2  Methodology  Assessment  Continuation  efforts  for  use  by  future  investigators.  Discussion  of 
these  results  is  not  provided  in  this  document;  conclusions  about  the  relative  merits  of  die  various 
prediction  codes,  the  quality  of  the  predicted  results,  or  explanation  of  the  sources  of  differences 
between  predicted  and  measured  data  are  left  to  the  reader.  A  full  description  of  the  experimental 
data  sets,  the  experiments  themselves,  and  the  prediction  codes  can  be  found  in  Ref.  1.  Although 
the  analysis  results  presented  in  the  figures  contained  herein  should  be  self-explanatory,  additional 
discussion  of  some  details  may  be  found  in  Ref.  1.  This  report  is  intended  to  be  a  companion  to 
that  report 

The  report  is  organized  into  four  sections  presenting  the  results  for  the  predictions  of  the  four 
data  sets  addressed  in  the  Phase  1  and  Phase  2  Continuations. 


Tbrsionally-Sof!  Hingeless  Rotor  Model 

The  damping  predictions  shown  in  the  original  Methodology  Assessment  for  the  torsionally- 
soft  rotor  model  (Data  Set  A)  were  obtained  for  six  different  cases  or  configurations.  For  the  Phase  1 
and  2  Continuations,  more  detailed  predictions  were  made  for  Cases  2  and  6,  and  these  predictions 
included  the  damping  and  frequency  of  the  flap,  lead-lag,  and  torsion  modes  as  well  as  the  blade 
equilibrium  flap,  lead-lag,  and  torsional  deflections.  The  additional  parameters  calculated  in  the 
continuation  were  intended  to  help  understand  the  variations  in  the  original  lead-lag  damping  re¬ 
sults.  The  two  cases  studied,  both  with  the  soft  pitch-flexure  configuration,  were  Case  2  without 
precone  or  droop  and  Case  6  with  -5°  droop  and  no  precone.  The  Case  6  configuration  has  the 
largest  aeroelastic  coupling  and  showed  the  widest  variations  in  predicted  lead-lag  damping.  The 
calculations  shown  here  are  outlined  in  Table  2.  The  task  numbers  shown  in  Table  2  refer  to  the 
tasks  listed  in  the  continuation  statement  of  wotk.  The  calculations  are  shown  on  the  pages  indi¬ 
cated  in  the  table.  A  symbol  is  shown  on  the  torsionally-soft  rotor  plots  that  represents  the  case 
plotted.  The  middle  section  of  the  symbol  represents  the  root  configuration  and  is  open  for  cases 
with  a  soft  pitch-flexure  (Cases  2  and  6).  The  right  hand  section  of  the  symbol  represents  the  blade 
and  is  horizontal  for  Case  2  (no  precone  or  droop)  and  is  canted  upwards  for  Case  6  (-5°  droop). 
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Table  2.  -  Torsionally-Soft  Rotor  Hover  Test  (Data  Set  A) 


CASE 

PITCH 

FLEXURE 

PRECONE 
Ppc,  deg 

DROOP 

&,deg 

PHASE  2 

PAGES 

1 

stiff 

0.0 

0.0 

— 

— 

2 

soft 

0.0 

0.0 

Tasks  86d,  86e 

10-107 

3 

stiff 

5.0 

0.0 

— 

— 

4 

soft 

5.0 

0.0 

— 

— 

5 

stiff 

0.0 

-5.0 

— 

— 

6 

soft 

0.0 

-5.0 

Tasks  86f,  86g 

108-205 

The  same  model  properties  were  used  for  the  Phase  2  calculations  as  were  used  in  the  original 
Methodology  Assessment  (Ref.  1)  except  the  analysts  were  instructed  to  adjust  the  the  chordwise 
structural  properties  so  that  the  predicted  nonrotating  lead-lag  frequency  matched  the  measured 
Case  2  value.  The  chordwise  properties  were  then  Axed  for  the  rest  of  the  torsionally-soft  rotor 
cases.  For  the  Case  2  configuration  without  precone  or  droop,  the  Phase  2  comparisons  of  the¬ 
ory  and  experiment  for  Task  86d  are  shown  on  pages  10  to  44.  Nonlinear  aerodynamic  section 
properties  were  used  for  these  calculations,  that  is, 

ci  -  6a  —  (sgna)lOa2 
cd  =  0.01+  11.1  |a|3 

The  same  comparisons  were  made  in  Thsk  86e  except  that  linear  aerodynamic  section  properties 
were  used 


ct  =  lira 


cd-  0 .008 

The  pitching  moment  was  assumed  to  be  zero  and  the  section  properties  were  assumed  independent 
of  Mach  number  for  both  tasks.  The  Task  86e  calculations  are  shown  on  pages  45  to  107.  Included 
in  these  calculations  are  comparisons  of  the  linear  and  nonlinear  predictions  for  each  analyst 
Calculations  made  with  nonlinear  section  properties  for  Case  6  (Task  86f)  are  given  on  pages 
108  to  142.  The  predictions  made  with  linear  aerodynamic  section  properties  (Task  86g)  are  on 
pages  143  to  205.  Again,  these  latter  calculations  include  comparisons  of  the  linear  and  nonlinear 
predictions  for  each  analyst. 
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Torsionaily-Soft  Hingeless  Rotor  Model  in  Vacuum 

Calculations  of  flap,  lead-lag,  and  torsion  frequencies  in  vacuum  were  made  during  the  Phase  2 
continuation  and  these  are  compared  here  to  experimental  measurements  that  have  been  obtained 
on  the  torsionally-soft  rotor  model  (Ref.  2).  These  results  provide  an  opportunity  to  compare  basic 
rotor  structural  and  inertial  analyses  without  the  additional  uncertainties  of  aerodynamic  modeling. 
The  calculations  are  shown  for  the  cases  outlined  in  Table  3.  The  comparisons  for  Case  2  (Task  86b) 
are  on  pages  206  to  213.  The  Case  6  comparisons  (Task  86c)  are  on  pages  216  to  223. 


Table  3.  -  Torsionally-Soft  Rotor  Vacuum  Test 


CASE 

PITCH 

FLEXURE 

PRECONE 

A«.deg 

DROOP 
At.  deg 

PHASE  2 

PAGES 

2 

soft 

0.0 

0.0 

Task  86b 

206-215 

6 

soft 

0.0 

-5.0 

Task  86c 

216-225 

Hypothetical  Torsionally-Soft  Hingeless  Rotor 


Although  the  ttrsionally-soft  hingeless  rotor  model  represents  an  almost  ideal  configuration 
intended  for  research  purposes,  several  physical  details  such  as  the  pitch  flexure  and  blade  root 
retention  hardware  require  some  care  to  properly  represent  in  prediction  codes.  To  remove  these 
complications  and  provide  a  more  unambiguous  basis  for  analysis  comparisons,  a  hypothetical  rotor 
model  was  specified  for  the  Phase  2  calculations.  This  rotor  shows  a  number  of  simplifications  from 
the  actual  torsionally-soft  rotor  model.  A  sketch  of  the  hypothetical  model  is  shown  in  Fig.  1  to 
illustrate  the  coordinate  system  that  defines  the  blade  pitch  and  precone  angles.  The  blade  of  the 
hypothetical  rotor  model  is  defined  in  a  coordinate  system  hf,  where  the  blade  axis  system  is  defined 
relative  to  the  coordinate  system  by 


[Cy] 


it  =  ICiMt 


■  COS0 

sin  9 

°1 

‘COS  0 

0 

-  sin  0‘ 

—  sin  9 

cos  9 

0 

0 

1 

0 

.  0 

0 

1. 

.  sin  0 

0 

cos  0  . 
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Figure  1.  -  Schematic  of  hypothetical  rotor  model. 
Table  4.  -  Hypothetical  Rotor  Properties 


Radius,  in  36.0 

Chord,  in  3.5 

Blade  mass,  lbm/in  0.0167 

Blade  inertia  about  elastic  axis,  lbm  -in2  An  0.0167 
Flap  stiffness,  lb-in2  6000. 

Chord  stiffness,  lb-in2  100000. 

Torsional  stiffness,  lb-in2  1800. 

Lift  curve  slope  6.28 

Drag  coefficient  0.01 

Structural  damping  0.0 


Acceslon  For 


□ 

□ 


NTIS  CRA&I 
DUC  TAB 
Unannounced 
Justification 


By _ 

Distribution  / 


Availability  Codes 


Dist 


Avail  and  /  tr 
Special 


where  6  is  the  blade  pitch  angle  and  A  is  the  precone  angle.  The  blade  properties  are  given  in 
Table  4.  The  blade  c.g.,  and  the  elastic  and  tensile  axes  are  at  the  25%  chord. 


Two  cases  were  calculated  for  the  hypothetical  rotor  as  shown  in  Table  5.  The  calculations 
are  shown  on  pages  226-231  for  the  case  without  precone  (Task  86h)  and  on  pages  232-237  for  the 
case  with  5°  precone  (Task  86i).  As  in  the  case  of  the  torsionally-soft  rotor  calculations  a  symbol 
is  used  on  the  plots  to  represent  the  case  being  examined.  As  the  hypothetical  rotor  does  not  have 
a  pitch  flexure  there  is  no  middle  section  to  the  symbol.  The  right  hand  section  is  either  horizontal 
for  zero  precone  cases  or  canted  up  for  cases  with  precone. 
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Table  5.  -  Hypothetical  Rotor 
PRECONE  PHASE  2  PAGES 

Ppc>  deg 

0.0  Task  86h  226-231 

5.0  Task  86i  232-237 

Hingeless  Rotor  Body  Model 

Calculations  of  modal  frequency  and  damping  have  been  compared  to  the  coupled  rotor-body 
experimental  model  data  of  Ref.  3  in  the  Phase  1  and  2  Continuations.  Calculations  have  been 
made  for  Case  3  of  the  original  Methodology  Assessment  as  well  for  configurations  not  previously 
examined.  The  calculation  cases  are  outlined  in  Table  6.  Tabulated  parameters  in  Tabie  6  include 
the  pitch-lag  coupling,  6^,  and  the  elastic  coupling,  R. 


Table  6.  -  Aeromechanical  Stability 


CONF. 

FLAP  &  LAG  0C 

R 

METHODOLOGY 

PHASE  1 

PHASE  2  PAGES 

(Ref.  3) 

STIFFNESSES 

ASSESSMENT 

CASES 

- 

1 

U0O  <  0.0 

0 

1,2 

— 

_  - 

2 

upo  <  U(o  -0.4 

0 

3 

Task  84-2 

238-241 

3 

vjflo  <  -0.4 

1 

- 

- 

—  — 

4 

(Jflo  W  Ut(0  0.0 

0 

- 

— 

—  — 

5 

u)po  «  w<o  -0.4 

0 

- 

- 

Tasks  86j,  86k  250-267 

The  Task  84-2  calculations  were  made  for  a  blade  pitch  angle  of  9°  and  are  compared  to  the 
data  on  pages  238  to  249.  These  results  include  frequency  and  damping  of  several  modes  in  ad¬ 
dition  to  the  least  stable  mode  that  was  presented  in  the  original  Methodology  Assessment.  The 
Phase  2  Continuation  addressed  a  model  configuration  having  roughly  equal  flap  and  lead-lag  flex¬ 
ure  bending  stiffness  levels.  This  “matched  stiffness”  configuration  revealed  evidence  of  adynamic 
inflow  mode  that  was  later  confirmed  by  analysis  (Ref.  4).  The  Task  86j  and  86k  calculations  were 
addressed  to  this  matched  stiffness  configuration  and  included  dynamic  inflow  models  where  avail¬ 
able.  For  Task  86j  the  flap  and  lead-lag  flexure  thicknesses  were  adjusted  from  the  Methodology 
Assessment  model  parameters  to  yield  nonrotating  flap  and  lead-leg  frequencies  of  7 .04  and  6.64  Hz 
respectively.  For  Thsk  86k  the  adjustments  were  made  to  provide  values  of  6.73  and  6.64  Hz  for 
the  nonrotating  flap  and  lead-lag  frequencies.  The  Task  86j  calculations  were  run  for  a  pitch  angle 
of  9®  and  are  shown  on  pages  250  to  258.  The  la^k  86k  calculations  were  run  for  zero  pitch  and 
are  shown  on  pages  259  to  267. 
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APPENDIX 


ROTOR  CONFIGURATION  ANALYSIS  DATA 


% 


9 


FLAP  MODE  DAMPING  -  TASK  86d 
NONLINEAR  AERODYNAMIC  COEFFICIENTS 
CASE  2  -  TORSIONALLY  SOFT  ROTOR 
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FLAP  MODE  FREQUENCY  -  TASK  86d 
NONLINEAR  AERODYNAMIC  COEFFICIENTS 
CASE  2  -  TORSIONALLY  SOFT  ROTOR 
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PITCH  ANGLE,  deg 


LEAD-LAG  MODE  DAMPING  -  TASK  86d 
NONLINEAR  AERODYNAMIC  COEFFICIENTS 
CASE  2  -  TORSIONALLY  SOFT  ROTOR 


PITCH  ANGLE,  deg 
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CASE  2  -  TORSIONALLY  SOFT  ROTOR 
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TORSION  MODE  DAMPING  -  TASK  86d 
NONLINEAR  AERODYNAMIC  COEFFICIENTS 
CASE  2  -  TORSIONALLY  SOFT  ROTOR 
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TORSION  MODE  FREQUENCY  -  TASK  86d 
NONLINEAR  AERODYNAMIC  COEFFICIENTS 
CASE  2  -  TORSIONALLY  SOFT  ROTOR 


PITCH  ANGLE,  deg 


FLAP  EQUILIBRIUM  DEFLECTION  -  TASK  86d 
NONLINEAR  AERODYNAMIC  COEFFICIENTS 
CASE  2  -  TORSIONALLY  SOFT  ROTOR 
PITCH  ANGLE  =  -12  deg 
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FLAP  EQUILIBRIUM  DEFLECTION  -  TASK  86d 
NONLINEAR  AERODYNAMIC  COEFFICIENTS 
CASE  2  -  TORSIONALLY  SOFT  ROTOR 


FLAP  EQUILIBRIUM  DEFLECTION  -  TASK  86d 
NONLINEAR  AERODYNAMIC  COEFFICIENTS 
CASE  2  -  TORSIONALLY  SOFT  ROTOR 
PITCH  ANGLE  =  -4  deg 


FLAP  EQUILIBRIUM  DEFLECTION  -  TASK  86d 
NONLINEAR  AERODYNAMIC  COEFFICIENTS 
CASE  2  -  TORSIONALLY  SOFT  ROTOR 
PITCH  ANGLE  =  0  deg 


FLAP  EQUILIBRIUM  DEFLECTION  -  TASK  86d 
NONLINEAR  AERODYNAMIC  COEFFICIENTS 
CASE  2  -  TORSIONALLY  SOFT  ROTOR 
PITCH  ANGLE  =  4  deg 
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FLAP  EQUILIBRIUM  DEFLECTION  -  TASK  86d 
NONLINEAR  AERODYNAMIC  COEFFICIENTS 
CASE  2  -  TORSIONALLY  SOFT  ROTOR 
PITCH  ANGLE  =  8  deg 
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FLAP  EQUILIBRIUM  DEFLECTION  -  TASK  86d 
NONLINEAR  AERODYNAMIC  COEFFICIENTS 
CASE  2  -  TORSIONALLY  SOFT  ROTOR 
PITCH  ANGLE  =  12  deg 
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LEAD-LA^  EQUILIBRIUM  DEFLECTION  -  TASK  86d 
NONLINEAR  AERODYNAMIC  COEFFICIENTS 
CASE  2  -  TORSIONALLY  SOFT  ROTOR 
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LEAD-LAG  EQUILIBRIUM  DEFLECTION  -  TASK  86d 
NONLINEAR  AERODYNAMIC  COEFFICIENTS 
CASE  2  -  TORSIONAI  LY  SOFT  ROTOR 
PITCH  ANGLE  =  -4  deg 


LEAD-LAG  EQUILIBRIUM  DEFLECTION  -  TASK  86d 
NONLINEAR  AERODYNAMIC  COEFFICIENTS 
CASE  2  -  TORSIONALLY  SOFT  ROTOR 
PITCH  ANGLE  =  0  deg 
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LEAD-LAG  EQUILIBRIUM  DEFLECTION  -  TASK  86d 
NONLINEAR  AERODYNAMIC  COEFFICIENTS 
CASE  2  -  TORSIONALLY  SOFT  ROTOR 
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LEAD-LAG  EQUILIBRIUM  DEFLECTION  -  TASK  86d 
NONLINEAR  AERODYNAMIC  COEFFICIENTS 
CASE  2  -  TORSIONALLY  SOFT  ROTOR 
PITCH  ANGLE  =  8  deg 
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LEAD-LAG  EQUILIBRIUM  DEFLECTION  -  TASK  86d 
NONLINEAR  AERODYNAMIC  COEFFICIENTS 
CASE  2  -  TORSIONALLY  SOFT  ROTOR 
PITCH  ANGLE  -  12  deg 


TORSION  EQUILIBRIUM  DEFLECTION  -  TASK  86d 
NONLINEAR  AERODYNAMIC  COEFFICIENTS 
CASE  2  -  TORSIONALLY  SOFT  ROTOR 
PITCH  ANGLE  =  -12  deg 
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BLADE  STATION,  in 


TORSION  EQUILIBRIUM  DEFLECTION  -  TASK  86d 
NONLINEAR  AERODYNAMIC  COEFFICIENTS 
CASE  2  -  TORSIONALLY  SOFT  ROTOR 
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BLADE  TIP  DEFLECTION  -  TASK  86f 
NONLINEAR  AERODYNAMIC  COEFFICIENTS 
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BLADE  TIP  DEFLECTION  -  TASK  86f 
NONLINEAR  AERODYNAMIC  COEFFICIENTS 
CASE  6  -  TORSIONALLY  SOFT  ROTOR 
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ANGLE,  deg 


FLAP  MODE  DAMPING 
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MCDONNELL  DOUGLAS  HELICOPTER 


© 

o  ©  o  © 

l 

o 

6 

o 

lO 

1 

O  O  O  Q 

CO  CM  «-< 

till 

oss/i  'oNidwva  aaow  avid 

ANGLE,  deg 


FLAP  MODE  FREQUENCY 
TORSIONALLY  SOFT  ROTOR 
MCDONNELL  DOUGLAS  HELICOPTER 


zh  ‘AONan&aaj  aaow  dvia 


10 


LEAD-LAG  MODE  DAMPING 
TOESIONALLY  SOFT  ROTOR 
MCDONNELL  DOUGLAS  HELICOPTER 


PITCH  ANGLE,  deg 


LEAD-LAG  MODE  FREQUENCY 
TORSIONALLY  SOFT  ROTOR 
MCDONNELL  DOUGLAS  HELICOPTER 


ANGLE,  deg 


TORSION  MODE  DAMPING 
TORSIONALLY  SOFT  ROTOR 
MCDONNELL  DOUGLAS  HELICOPTER 


165 


PITCH  ANGLE,  deg 


TORSION  MODE  FREQUENCY 
TORSIONALLY  SOFT  ROTOR 
MCDONNELL  DOUGLAS  HELICOPTER 


o 

OS 

U 

*<  o 
^  02  Otf 
o  <  2 
5  5C  « 
3  3  < 

J  2  3 

O  «  CO 


o 

o 

O 

o 

o 

o 

o 

o 

d 

o 

d 

d 

d 

o 

CO 

tfl 

to 

* 

CO 

CO 

zh  ‘AONanbaad  aaow  noishoi 


166 


ANGLE,  deg 


FLAP  MODE  DAMPING 
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LEAD-LAG  EQUILIBRIUM  DEFLECTION  -  TASK  86g 
LINEAR  AERODYNAMIC  COEFFICIENTS 
CASE  6  -  TORSIONALLY  SOFT  ROTOR 
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LEAD-LAG  EQUILIBRIUM  DEFLECTION  -  TASK  86g 
LINEAR  AERODYNAMIC  COEFFICIENTS 
CASE  6  -  TORSIONALLY  SOFT  ROTOR 
PITCH  ANGLE  =  4  deg 
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LEAD-LAG  EQUILIBRIUM  DEFLECTION  -  TASK  86g 
LINEAR  AERODYNAMIC  COEFFICIENTS 
CASE  6  -  TORSIONALLY  SOFT  ROTOR 
PITCH  ANGLE  =  12  deg 
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TORSION  EQUILIBRIUM  DEFLECTION  -  TASK  86g 
LINEAR  AERODYNAMIC  COEFFICIENTS 
CASE  6  -  TORSIONALLY  SOFT  ROTOR 
PITCH  ANGLE  =  -8  deg 
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TORSION  EQUILIBRIUM  DEFLECTION  -  TASK  86g 
LINEAR  AERODYNAMIC  COEFFICIENTS 
CASE  6  -  TORSIONALLY  SOFT  ROTOR 
PITCH  ANGLE  =  4  deg 
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BLADE  STATION,  in 


TORSION  EQUILIBRIUM  DEFLECTION  -  TASK  86g 
LINEAR  AERODYNAMIC  COEFFICIENTS 
CASE  6  -  TORSIONALLY  SOFT  ROTOR 
PITCH  ANGLE  =  12  deg 
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BLADE  TIP  DEFLECTION 
TORSIONALLY  SOFT  ROTOR 
MCDONNELL  DOUGLAS  HELICOPTER 
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CASE  6  -  TORSIONALLY  SOFT  ROTOR 
PITCH  ANGLE  =  -12  deg 
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BLADE  TIP  DEFLECTION  -  TASK  86g 
LINEAR  AERODYNAMIC  COEFFICIENTS 
CASE  6  -  TORSIONALLY  SOFT  ROTOR 
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BLADE  TIP  DEFLECTION  -  TASK  86g 
LINEAR  AERODYNAMIC  COEFFICIENTS 
CASE  6  -  TORSIONALLY  SOFT  ROTOR 


1st  FLAP  MODE  FREQUENCY  IN  A  VACUUM  -  TASK  86b 
CASE  2  -  TORSIONALLY  SOFT  ROTOR 
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1st  LEAD-LAG  MODE  FREQUENCY  IN  A  VACUUM  -  TASK  86b 
CASE  2  -  TORSIONALLY  SOFT  ROTOR 
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1st  TORSION  MODE  FREQUENCY  IN  A  VACUUM  -  TASK  86b 
CASE  2  -  TORSIONALLY  SOFT  ROTOR 
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MODAL  FREQUENCIES  IN  A  VACUUM  -  TASK  86b 
CASE  2  -  TORSIONALLY  SOFT  ROTOR 
BOEING  HELICOPTER 
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20.0 


MODAL  FREQUENCIES  IN  A  VACUUM  -  TASK  86b 
CASE  2  -  TORSIONALLY  SOFT  ROTOR 
MCDONNELL  DOUGLAS  HELICOPTER 
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CASE  2  -  TORSIONALLY  SOFT  ROTOR 
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FREQUENCY  IN  A  VACUUM  -  TASK  86c 
-  TORSIONALLY  SOFT  ROTOR 
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BELL  HELICOPTER  TEXTRON 


220 


200  400  600  800  1000 

ROTOR  SPEED,  rpm 


MODAL  FREQUENCIES  IN  A  VACUUM  -  TASK  86c 
CASE  6  -  TORSIONALLY  SOFT  ROTOR 
BOEING  HELICOPTER 


zh  'AONanbaaj  ivqoh 


o 

o 

o 

o 

o 

6 

6 

6 

6 

6 

<0 

lO 

w 

221 


200  400  600  800  1000 
ROTOR  SPEED,  rpm 


MODAL  FREQUENCIES  IN  A  VACUUM  -  TASK  86c 
CASE  6  -  TORSIONALLY  SOFT  ROTOR 
SIKORSKY  AIRCRAFT 


223 


200  400  600  800  1000 

ROTOR  SPEED,  rpm 


MODAL  FREQUENCIES  IN  A  VACUUM  -  TASK  86c 
CASE  6  -  TORSIONALLY  SOFT  ROTOR 
AEROFLIGHTDYNAMICS  (PFLT) 


22 


20.0 


MODAL  FREQUENCIES  IN  A  VACUUM  -  TASK  86c 
CASE  6  -  TC?SIONALLY  SOFT  i*OTOR 
AERC  ^DYNAMICS  (GRASP) 


20.0 


FLAP  MODE  DAMPING  -  TASK  86h 
SIMPLIFIED  ROTOR  WITHOUT  PRECONE 


226 


ANGLE,  deg 


FLAP  MODE  FREQUENCY  -  TASK  86h 
SIMPLIFIED  ROTOR  WITHOUT  PRECONE 


227 


ANGLE,  deg 


ANGLE,  deg 


LEAD-LAG  MODE  FREQUENCY  -  TASK  86h 
SIMPLIFIED  ROTOR  WITHOUT  PRECONE 


CM 


00 


© 


GO 

I 


CM 

I 


zh  ‘AONanbaHi  aaow  ovi-avaa 


229 


PITCH  ANGLE,  deg 


TORSION  MODE  FREQUENCY  -  TASK  86h 
SIMPLIFIED  ROTOR  WITHOUT  PRECONE 


232 


ANGLE,  deg 


001 


ANGLE,  deg 


CO  W 
03  Z 


o 

PS  o 
CO  H 


g 

I 


PS 

CL 


00 

<u 

X) 


lO 


>■< 

CJ 
2 

w  _ 
D  £ 
or  fc; 
w 

PS 

C*H 


Ed 

Q 

O 

2 


PS 

O 

e- 

o 

PS 


Q  § 


< 

j 

i 

Q 

< 

Ed 

J 


Ph 

J 

CL 

s 

OP 


01 


oo 


O 


I 


CO 


01 


zh  ‘AONanbani  aaow  ovi-avai 


235 


PITCH  ANGLE,  deg 


TORSION  MODE  DAMPING  -  TASK  86i 
SIMPLIFIED  ROTOR  WITH  5  deg.  PRECONE 


236 


-20.0 


o 


238 


400  500  800  700  800  900 

ROTOR  SPEED,  rpm 


MODAL  FREQUENCY  -  TASK  84-2 
CONFIGURATION  3,  PITCH  ANGLE  =  9 
BELL  HELICOPTER  TEXTRON 


400  500  600  700  800  900  1000 

ROTOR  SPEED,  rpm 


REGRESSING  LEAD-LAG  MODE  DAMPING  -  TASK  84-2 
CONFIGURATION  3,  PITCH  ANGLE  =  9  deg 
BELL  HELICOPTER  TEXTRON 


ass/!  'oNidHva  aaoH  ovi-avaa  OMissaaoaa 


240 


400  500  800  700  800  900  1000 

ROTOR  SPEED,  rpm 


MODAL  DAMPING  -  TASK  84-2 
CONFIGURATION  3,  PITCH  ANGLE  =  9  deg 
BOEING  HELICOPTER 


03S/1  'ONIdHVQ  1VQOK 


241 


400  500  600  iOP  800  900  1000 

ROTOR  SPEED,  rpm 


CM 


OjO 

<u 

,,d 

05 


K 

1  Eg 


w 


OK 

Oh  m 

H  -E 
D^O 

GT'Z'Z, 

w  s 
o;2u 
£e-  o 

,<PQ 
O  Q3 

<D 

go 

O  J-H 

^Iz; 

o 

o 


o 

•< 

hJ 

i 

a 

hC 

w 

J 

w  a 

§5 

tt 

QS 

O 

W 

OS 


REGRESSING  LEAD-LAG  MODE  DAMPING  -  TASK  84-2 
CONFIGURATION  3,  PITCH  ANGLE  =  9  deg 
BOEING  HELICOPTER 


ROTOR  SPEED,  rpm 


244 


400  500  800  700  800  900  1000 

ROTOR  SPEED,  rpm 


REGRESSING  LEAD-LAG  MODE  DAMPING  -  TASK  84- 
CONFIGURATION  3,  PITCH  ANGLE  =  9  deg 
SIKORSKY  AIRCRAFT 


246 


400  500  600  700  800  900  1000 

ROTOR  SPEED,  rpm 


247 


400  500  600  700  800  900 

ROTOR  SPEED,  rpm 


REGRESSING  LEAD -LAG  MODE  DAMPING  -  TASK  84- 
CONFIGURATION  3,  PITCH  ANGLE  =  9  deg 
AEROFLIGHTDYNAMICS 


249 


400  500  600  700  800  900  1000 

ROTOR  SPEED,  rpm 


MODAL  DAMPING  -  TASK  86j 
CONFIGURATION  5,  PITCH  ANGLE  =  9  deg 
BELL  HELICOPTER  TEXTRON 


400  500  600  700  800  900  1000 

ROTOR  SPEED,  rpm 


MODAL  FREQUENCY  -  TASK  86j 
CONFIGURATION  5,  PITCH  ANGLE  =  € 
BELL  HELICOPTER  TEXTRON 


251 


400  500  600  700  800  900  1000 

ROTOR  SPEED,  rpm 


REGRESSING  LEAD-LAG  MODE  DAMPING  -  TASK  86j 
CONFIGURATION  5,  PITCH  ANGLE  =  9  deg 
BELL  HELICOPTER  TEXTRON 


252 


400  500  600  700  800  900  1000 

ROTOR  SPEED,  rpm 


MODAL  FREQUENCY  -  TASK  86i 
CONFIGURATION  5,  PITCH  ANGLE  =  9  deg 
SIKORSKY  AIRCRAFT 


254 


400  500  600  700  800  900  1000 

ROTOR  SPEED,  rpm 


REGRESSING  LEAD -LAG  MODE  DAMPING  -  TASK  86j 
CONFIGURATION  5,  PITCH  ANGLE  =  9  deg 
SIKORSKY  AIRCRAFT 


255 


UNSTABLE 


256 


400  500  600  700  800  900  1000 

ROTOR  SPEED,  rpm 


MODAL  FREQUENCY  -  TASK  86j 
CONFIGURATION  5,  PITCH  ANGLE  =  9  deg 
U.S.  ARMY  AEROFLIGHTDYNAMICS 


257 


400  500  600  700  600  900  1000 

ROTOR  SPEED,  rpm 


REGRESSING  LEAD-LAG  MODE  DAMPING  -  TASK  86j 
CONFIGURATION  5,  PITCH  ANGLE  =  9  deg 
U.S.  ARMY  AEROFLIGHTDYNAMICS 


258 


400  500  600  700  800  900 

ROTOR  SPEED,  rpm 


400  500  600  700  800  900  1000 

ROTOR  SPEED,  rpm 


MODAL  FREQUENCY  -  TASK  86k 
CONFIGURATION  5.  PITCH  ANGLE  =  0  deg 
BELL  HELICOPTER  TEXTRON 


260 


400  500  600  700  800  900  1000 

ROTOR  SPEED,  rpm 


REGRESSING  LEAD-LAG  MODE  DAMPING  -  TASK  86k 
CONFIGURATION  5,  PITCH  ANGLE  =  0  deg 
BELL  HELICOPTER  TEXTRON 


261 


400  500  600  700  600  900  1000 

ROTOR  SPEED,  rpm 


MODAL  FREQUENCY  -  TASK  86k 
CONFIGURATION  5,  PITCH  ANGLE  =  0  deg 
SIKORSKY  AIRCRAFT 


I _ I _ I _ I _ I _ I _ L 

oo  co  \n  ■<*  n  cm 

zh  'AONanbaaa  ivaon 


1 


400  500  800  700  800  900  1000 

ROTOR  SPEED,  rpm 


MODAL  DAMPING  -  TASK  86k 
CONFIGURATION  5,  PITCH  ANGLE  =  0  deg 
U.S!  ARMY  AEROFLIGHTDYNAMICS 


265 


400  500  600  700  800  900  1000 

ROTOR  SPEED,  rpm 


co 

oo 


CO 

E-  XI  r_ 
I  oQ 


O  II  s 
2W< 

gg§ 

osr 

2tl.o 

<2 1 
Ya^ 

W§S 


Sjgs 

cog 

coR 


w 


OS 

o 

w 

OS 


L_ 

o 


n 

1 


oas/i  ‘oNid^va  aao 


26' 


-2.0 


DVl-avai  0MISS3H03H 


ROTOR  SPEED,  rpm 


NASA 


Report  Documentation  Page 


1  Report  No.  a.  uovemment  Accession 

NASA  TM- 102272 

USAAVSCOM  TR- 90- A -001  _ _ 


4.  Title  and  Subtitle 

Rotorcraft  Aeromechanical  Stability — Methodology 
Assessment:  Phase  2  Workshop 


7.  Authors) 

William  G.  Bousman 


3.  Recipient's  Catalog  No. 


5.  Report  Data 

March  1990 


6.  Performing  Organization  Code 


8.  Performing  Organization  Report  No. 

A-90049 


10.  Work  Unit  No. 

992-21-01 


1 1 .  Contract  or  Grant  No. 


13.  Type  of  Report  and  Period  Covered 
Technical  Memorandum 


14.  Sponsoring  Agency  Code 


9.  Performing  Organization  Name  and  Address 

Ames  Research  Center  and  Aeroflightdynamics  Directorate 
U.S.  Army  Aviation  Research  and  Technology  Activity 
Ames  Research  Center,  Moffett  Field,  CA  94035-1000 


12.  Sponsoring  Agency  Name  and  Address 

National  Aeronautics  and  Space  Administration  and 
U.S.  Army  Aviation  Systems  Command 
St.  Louis,  MO  63120-1798 


IS.  Supplementary  Notes 

Point  of  Contact:  William  G.  Bousman,  Ames  Research  Center,  MS  215-1 
Moffett  Field,  CA  94035-1000 
(415)  604-3748  or  FTS  464-3748 


16.  Abstract 

—  >  Helicopter  rotor  aeroelastic  and  aeromechanical  stability  predictions  for  four  data  sets  were  made  using 
industry  and  government  stability  analyses  and  compared  with  data  at  a  workshop  held  at  Ames  Research 
Center,  August  2-3, 1988.  The  present  report  contains  the  workshop  comparisons.  N 


7.  KeyWords^Suggested  by  Authorfs)) 

Aeromechanic  stability;  1  « y  w f>n  n 

Aeroelastic  stability; 

Rotorcraft  dynamics ;  /)  e  >  <  ■  Ajm  m  <c  '•  *■ 


19.  Security  Classif.  (of  this  report) 

Unclassified 


18.  Distribution  Statement 

Unclassified-U  nlimited 


Subject  Category  -  01 


20.  Security  Classif.  (of  this  page) 

21 .  No.  of  Pages 

Unclassified 

268 

NASA  FORM  1826  OCTts 


For  sale  by  the  National  Tschnical  Information  Service,  Springfield,  Virginia  22161 


